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Summary
Background.— Optical coherence tomography is an imaging method that enables cardiologists
to study atheromatous plaques, and to check the implantation and evolution of coronary stents.
It is an invasive technique, providing high-resolution (10m) in vivo images, but with limitations
and artefacts that need to be understood before the ﬁeld of application can be extended.
Aim.— To determine the feasibility and limitations of optical coherence tomography coronary
imaging from a single-centre experience.
Methods.— We analysed the ﬁrst 301 optical coherence tomography (versionM2, LightLab Imag-
ing) sequences obtained in our department from examination of 73 patients.
Results.— Results showed that 92% of sequences for selected lesions were usable, with a mean
examination time of 17min. Only one complication occurred (ventricular ﬁbrillation, reduced
by external electroshock). In our registry, sequence quality depended on operator experience
(improving after 20 examinations), and was impaired by artefacts, especially in right coronary
analysis and in arteries of greater than 3.5mm calibre.
Abbreviations: DES, Drug-eluting stents; IVUS, Intravascular ultrasound; OCT, Optical coherence tomography; ROI, Region of interest.
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naires droites, d’artères de calibres de plus de 3,5mm. L’occlusion proximale de la coronaire
et la qualité du ﬂush distal actuellement nécessaires à l’obtention d’une image de qualité ne
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ackground
ptical coherence tomography (OCT) is a high-resolution
maging method based on the reﬂection of near-infrared
adiation by biological tissue [1]. The light emitted by OCT
equires a transparent medium in which to propagate. In
oronary imaging this is achieved by saline ﬂush downstream
f an occlusion balloon. OCT provides cross-sectional imag-
ng of higher resolution than with intravascular ultrasound
IVUS). The precision of OCT imaging of the more superﬁcial
ayers of the arterial wall makes it the method of choice for
nalysis of atheromatous plaque and assessment of coronary
tents [2—5]; the latter indication applied to most of the
resent series.
We report the results of the ﬁrst 73 examinations per-
ormed in our department, with 301 automatic pullbacks
xploring 112 stents. Analysing the data from this registry
isclosed the artefacts and pitfalls of OCT as a method of
oronary imaging, enabling us to better deﬁne indications
nd focus research on post-processing to enhance image
uality and improve interpretation.
ethods
etween November 2006 and March 2009, 73OCTs were
erformed, during which 112 stents were studied and
01 sequences acquired. All patients provided informed con-
ent to participate in the study.
ptical coherence tomography
xaminationCT examination was performed by two operators, fol-
owing a pre-established protocol. It immediately followed
oronary angiography, after intravenous injection of 500mg
spirin and 30 IU/kg of unfractionated heparin. The guide
i
p
res avec la nouvelle génération d’OCT.
s droits réservés.
atheter used was a 6-French large lumen model. A long
uide catheter was progressively inserted beyond the region
f interest (ROI) under X-ray control. The coaxial occlusion
alloon was positioned upstream of the ROI before the guide
as withdrawn.
The ﬁbre-optic connecting to the console (version M2,
ightLab Imaging, Westford, MA, USA) was pre-calibrated
anually, introduced into the coaxial balloon and care-
ully fed downstream of the ROI. The occlusion balloon
as inﬂated, using a dedicated manometer, to between 0.5
nd 0.7 atm. Flush was performed manually, using 30mL of
aline in a syringe with a Y-shaped haemostatic connector
ia the coaxial balloon. When the coronary was ﬂushed with
ransparent ﬂuid, the OCT image appeared; ﬂush continued
uring 30 s automatic pullback at 1—2mm/s. The balloon
as deﬂated at end of pullback. Images were saved in DICOM
ormat to the LightLab console, enabling re-reading and
ost-real-time measurement. This protocol is similar to ones
escribed elsewhere [6,7].
ptical coherence tomography pullback
nalysis
or each examination, a report detailed the indication,
esults, limitations and complications, including number
f coronaries explored, number of stents studied and
umber of pullbacks per patient. Examination time was mea-
ured from intracoronary introduction of the guide catheter
o the end of the last ﬁbre-optic pullback. Procedural
omplications and hardware problems (e.g., ﬁbre rupture)
ere inventoried.P. Motreff et al.
Conclusions.— Proximal coronary occlusion and the distal ﬂush quality currently required for
quality imaging should no longer be indispensable with the new generation of optical coherence
tomography systems.
© 2010 Elsevier Masson SAS. All rights reserved.
Résumé La tomographie par cohérence optique (OCT) est une imagerie qui permet en
cardiologie d’étudier les plaques athéromateuses, de contrôler l’implantation et l’évolution
d’endoprothèses coronaires. Cette technique invasive fournit des images in vivo de haute réso-
lution (dix microns) mais comporte des limites et artéfacts qu’il est important de connaître
avant d’en étendre le champ d’application. Nous avons analysé les 301 premières séquences
OCT (version M2, LightLab Imaging) obtenues dans notre institution à partir des examens de
73 patients. Il ressort de cette expérience que 92% des séquences sur des lésions sélectionnées
sont exploitables au cours d’examens réalisés en moyenne en 17minutes. Une seule complica-
tion a été observée (ﬁbrillation ventriculaire réduite par choc électrique externe). Dans notre
registre, la qualité des séquences dépend de l’expérience des opérateurs (meilleure au-delà de
20 examens), est altérée par des artéfacts plus fréquemment retrouvés dans l’analyse de coro-For stent analysis, diameters and lengths, time from
mplantation, rate of complete exploration and number of
ullbacks required were recorded.
Concerning pullbacks, artery diameter and site (left ante-
ior descending, circumﬂex, right coronary artery) were
fact
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recorded. Pullback quality was assessed by two independent
operators, with a third reading in case of disagreement.
Quality criteria
Quality was assessed on predeﬁned scores: 0 equals no
usable image; 1 equals less than 50% of pullback images
usable; 2 equals greater than 50% of pullback images usable;
3 equals all pullback images usable. An image was deﬁned
as usable when the coronary lumen was perfectly distinct
from the wall, contrasted, with no break in contour. Pull-
back acquisition speed was also recorded, as was recourse
to proximal occlusion upstream of saline ﬂush.
Artefact identiﬁcation
Rotation artefacts correspond to false breaks in lumen
contour on cross-sectional images. Decentration artefacts
are caused by excentric ﬁbre positioning in the lumen,
leading to deformation or signal attenuation in the most
remote structures and hypersignal in contact structures.
Calibre artefacts are caused by an arterial diameter too
great for the ﬁbre’s ﬁeld of exploration to include the entire
lumen contour. Flow artefacts comprise all situations of
non-optimal lumen transparency (ﬂush defect, incompletely
occlusive balloon, or collateral branches). Balloon artefacts
occur when the occlusion balloon is present in the most
proximal millimetres of pullback, preventing analysis at that
point.
Statistical analysis
Quantitative variables are expressed as mean± standard
deviation per group. Comparative analysis used the non-
parametric Wilcoxon test quantitative variables, and
Fisher’s exact test for qualitative variables. All tests were
run bilaterally, with ﬁrst-order risk set at 5%, and performed
on SAS v9 software (SAS Institute, Cary, NC, USA).
a
f
u
Table 1 Optical coherence tomography examination: Patient
Variable Total
Patients (n) 73
Men (%) 55 (75.3)
Age, years 57.8± 12.1
Indication (%)
Stent control 62 (84.9)
Plaque evaluation 11 (15.1)
Explored coronary arteries (per patient) 95 (1.3)
Explored stents (per patient) 112 (1.5)
Pullbacks (per patient) 301 (4.1)
Procedure duration (min) 17.2± 7.1
Complications (%) 1 (1.4)
Fibre rupture (%) 3 (4.1)
Values are numbers (%) or mean± standard deviation.
* Fisher’s exact test.
a Wilcoxon test.analysis 217
esults
able 1 presents the characteristics of the 73OCT exami-
ations, grouping separately the ﬁrst 20 and the following
3. Mean exploration time was 17min, with more than four
ullbacks per examination. Experience enabled exploration
ime to be shortened by greater than 4min, despite more
equences being acquired per examination. In all the pro-
edures performed, only one complication arose: a case of
entricular ﬁbrillation at end of acquisition following pro-
onged occlusion and ﬂush, which was rapidly reduced by
xternal electroshock. Fibre rupture, although always a risk
onsidering the fragility of the ﬁbres, ceased to occur after
he 35th examination, and was never of concern for the
atient.
The characteristics of the 112 stents are presented in
able 2, distinguishing the same two learning-curve exam-
nation groups. The stents were mainly drug-eluting stents
DES), mostly explored 6months after implantation. In 96.4%
f cases, the stent (mean length, 19.39mm) was explored
n its entirety, sometimes at the price of iterative pullback
mean number, 1.63 per stent).
Data for the 301 pullbacks are presented in Table 3. Pull-
ack quality was generally good (usable in 92% of cases), and
mproved with experience (95% for the later examinations).
ore than half of the good-quality sequences were judged
xcellent (score 3), and a large majority of the suboptimal
equences (score 2: 43.5% of sequences as a whole) were
sable (83% of images per sequence, on average). Taking all
cquired images together, 88.8% were usable. It is notewor-
hy that in the present registry, almost all sequences were
cquired with proximal occlusion, and at a pullback speed
f 1mm/s.
Artefacts or limitations preventing some or all of the
mages in a sequence being analysed mainly concerned
bre decentration or proximal presence of the balloon, and
ffected 30.9% of sequences. Flow, calibre and rotation arte-
acts were less frequent.
Univariate analysis for factors hindering acquisition of a
sable OCT sequence (Table 4) identiﬁed large-calibre coro-
and procedure characteristics.
First 20 patients Subsequent patients p
20 53
17 (85.0) 38 (71.7) 0.36*
55.1± 12.8 58.9± 11.5 0.30a
16 (80.0) 46 (86.7) 0.48*
4 (20.0) 7 (13.2)
26 (1.30) 69 (1.3) 0.84a
29 (1.45) 83 (1.6) 0.89a
79 (4.0) 222 (4.2) 0.25a
20.5± 7.4 16.0± 6.7 0.041a
0 (0.0) 1 (1.9) 0.999*
2 (10) 1 (1.9) 0.18*
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Table 2 Optical coherence tomography examination and stent checks.
Variable Total (%) First 20 patients (%) Subsequent patients (%) p
Stents explored (n) 112 29 83
Type of stent (%) 0.10*
Bare metal 13 (11.6) 6 (20.7) 7 (8.4)
Drug eluting 99 (88.4) 23 (79.3) 76 (91.6)
Time from implantation (days)
0—30 14 (12.5) 7 (24.1) 7 (8.4) 0.001*
140—210 90 (80.4) 17 (58.6) 73 (88.0)
≥ 300 8 (7.1) 5 (17.2) 3 (3.6)
Stent diameter (mm) 3.00± 0.37 3.01± 0.39 2.98± 0.37 0.26a
Stent length (mm) 19.39± 6.54 19.17± 7.44 19.47± 6.24 0.79a
Pullbacks per stent 2.3± 1.0 2.2± 0.9 2.3± 1.1 0.79a
Stents completely explored (%) 108 (96.4) 27 (93.1) 81 (97.6) 0.28*
Pullbacks required to explore completely (n) 1.6± 0.9 1.6± 0.4 1.6± 0.9 0.9a
Values are numbers or mean± standard deviation.
* Fisher’s exact test.
a Wilcoxon test.
Table 3 Optical coherence tomography examination and automatic pullbacks.
Variable Total First 20 patients Subsequent patients p
Pullbacks 301 (100) 79 (26.2) 222 (73.8)
Usable pullbacks 277 (92.0) 66 (83.5) 211 (95.0) 0.003*
Unusable pullbacks 24 (8.0) 13 (16.5) 11 (5.0)
Coronaries explored
LAD 161 (53.5) 36 (45.6) 125 (56.3) 0.17*
Cx 38 (12.6) 14 (17.7) 24 (10.8)
RCA 102 (33.9) 29 (36.7) 73 (32.9)
Coronary diameter (mm) 3.10± 0.48 3.02± 0.54 3.14± 0.45 0.004a
Coronary diameter (mm)
< 3.5 242 (80.4) 62 (78.5) 180 (81.1) 0.62*
≥ 3.5 59 (19.6) 17 (21.5) 42 (18.9)
Pullback quality
0 6 (2.0) 4 (5.1) 2 (0.9) 0.003*
1 18 (6.0) 9 (11.4) 9 (4.1)
2 131 (43.5) 37 (46.8) 94 (42.3)
3 146 (48.5) 29 (36.7) 117 (52.7)
OCT frames/pullback 419.9± 79.4 422.3± 90.2 418.9± 75.5 0.31a
Usable OCT frames/pullback 373.1± 116.7 352.1± 138.0 380.6± 107.5 0.25a
Non-usable OCT images/pullback 46.7± 79.1 70.2± 112.6 38.4± 61.3 0.009a
Usable image ratio (%) 88.8± 20.7 83.4± 27.4 90.9± 17.1 0.006a
Automatic pullback speed (mm/s)
1 274 (91.0) 78 (98.7) 196 (88.3) 0.003*
> 1 27 (9.0) 1 (1.3) 26 (11.7)
Proximal occlusion
Yes 295 (98.0) 77 (97.5) 218 (98.2) 0.66*
No 6 (2.0) 2 (2.5) 4 (1.8)
Rotation artefacts 18 (6.0) 4 (5.1) 14 (6.3) 0.79*
Decentration artefacts 93 (30.9) 28 (35.4) 65 (29.3) 0.32*
Coronary calibre artefacts 45 (15.0) 14 (17.7) 31 (14.0) 0.46*
Flow artefacts 59 (19.6) 25 (31.6) 34 (15.3) 0.003*
Balloon artefacts 93 (30.9) 33 (41.8) 60 (27.0) 0.016*
Values are numbers or mean± standard deviation.
Cx: circumﬂex; LAD: left anterior descending; RCA, right coronary artery.
* Fisher’s exact test.
a Wilcoxon test.
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Table 4 Optical coherence tomography examination: Characteristics of usable vs non-usable pullbacks.
Total (%) Usable pullbacks (%) Non-usable pullbacks (%) p
Pullbacks (%) 301 (100) 277 (92.0) 24 (8.0)
Coronaries explored
LAD 161 (53.5) 156 (56.3) 5 (20.8) 0.001*
Cx 38 (12.6) 35 (12.6) 3 (12.5)
RCA 102 (33.9) 86 (31.0) 16 (66.7)
Coronary diameter (mm) 3.10± 0.48 3.07± 0.44 3.50± 0.69 0.002a
Coronary diameter (mm)
< 3.5 242 (80.4) 231 (83.4) 11 (45.8) < 0.0001*
≥ 3.5 59 (19.6) 46 (16.6) 13 (54.2)
Examination of ﬁrst 20 patients (%) 79 (26.2) 66 (24.4) 13 (54.2) 0.003*
OCT images/pullback 419.9± 79.4 430.1± 64.7 301.3± 126.9 < 0.0001a
Usable OCT images 373.1± 116.7 396.0± 86.7 108.8± 91.4 < 0.0001a
Non-usable OCT images 46.7± 79.1 34.1± 49.8 192.5± 166.9 < 0.0001a
Usable image ration (%) 86.9± 20.7 91.6± 12.0 29.1± 19.5 < 0.0001a
Pullback speed
1mm/s 274 (91.0) 252 (91.0) 22 (91.7) 0.999*
> 1mm/s 27 (9.0) 25 (9.0) 2 (8.3)
Proximal occlusion
Yes 295 (98.0) 275 (99.3) 20 (83.3) < 0.0001*
No 6 (2.0) 2 (0.7) 4 (16.7)
Rotation artefacts 18 (6.0) 17 (6.1) 1 (4.2) 0.999*
Decentration artefacts 93 (30.9) 76 (27.4) 17 (70.8) < 0.0001*
Coronary calibre artefacts 45 (15.0) 31 (11.2) 14 (58.3) < 0.0001*
Flow artefacts 59 (19.6) 38 (13.7) 21 (87.5) < 0.0001*
Balloon artefacts 93 (30.9) 78 (28.2) 15 (62.5) 0.001*
Mean± standard deviation.
Cx: circumﬂex; LAD: left anterior descending; RCA: right coronary artery.
* Fisher’s exact test.
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nary artery (diameter greater or equals to than 3.5mm) and
operator inexperience (affecting both selection of indica-
tions and performance conditions: manual ﬂush quality and
optimal occlusion balloon positioning). The poorer results
for right-coronary OCT analysis may be due to larger arterial
calibre (mean 3.37mm± 0.47 vs 2.97mm± 0.47 elsewhere)
and to greater angularity, contributing to ﬁbre decentra-
tion (52.9% right coronary artery decentration artefacts vs
19.6% in left anterior descending and circumﬂex). Increased
pullback speed (2mm/s) did not seem to impair image
quality.
Discussion
OCT coronary imaging supplements IVUS. The literature
shows OCT to be especially useful for analysing the
more superﬁcial vessel layers and for checking stents
(Fig. 1), whereas it is less adapted for assessing deep
layers, total vessel area and hence remodelling index
[6]. It is also generally agreed that OCT is more com-
plex and difﬁcult to perform than IVUS. Mastering the
technique requires in particular a good knowledge of arte-
facts to optimize indications and avoid interpretation bias
[8].
m
b
t
Rechnical limitations of optical coherence
omography
ifﬁculty of locating the exploration region
he OCT light source is not radio-opaque, making it harder
han with IVUS to locate the examination region with respect
o angiography. Even so, with enough experience, the occlu-
ion balloon and ﬁbre tip can be properly positioned by mak-
ng use of landmarks. The starting point for automatic pull-
ack acquisition lies 6mm upstream of the tip of the guide
atheter, which is radio-opaque over a length of 15mm.
roximal occlusion
he need to occlude the upstream segment using a poor-
roﬁle dedicated balloon hampers exploration of bent
egments, segments downstream of angles, and calciﬁca-
ions. Moreover, upstream occlusion precludes analysis of
he most proximal segments (left main coronary artery and
arge-branch ostia) or those immediately downstream of a
ajor bifurcation.
It is noteworthy that although proximal presence of the
alloon was inventoried, it did not always impact examina-
ion quality, as the resultant artefact lies upstream of the
OI and does not interfere with analysis.
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Figure 1. Examples of optical coherence tomography images. A. Healthy coronary. B. Thin cap ﬁbro-atheroma plaque. C. Six-month
follow-up of a few stents: different levels of neointimal hyperplasia thickness and strut coverage. A few struts remain uncovered (top left).
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itent restenosis (bottom right).
ibre fragility
he ﬁbre-optic is fragile and physically connected to the
onsole, and so cannot be rotated without risk of rupture.
n the present series there were only three cases of rupture,
ll within the ﬁrst 35 examinations. Experience enabled up
o 10 automatic pullbacks per examination with no dete-
ioration in image quality. To protect the ﬁbre-optic in
xploration of complex lesions, it may be preferable to lead
he coaxial balloon beyond the ROI and then bring it back
nce the ﬁbre-optic has been positioned. It is noteworthy
hat no non-uniform rotational distortion was observed; this
ype of artefact seems to be less frequent than with IVUS [9].imited longitudinal acquisition
inally, coronary occlusion limits acquisition time to 30 s,
hich in turn limits the length of the analysed segment to
0—60mm, depending on pullback speed (1—2mm/s).
r
r
b
emaging pitfalls
ovement artefacts
he 0.4mm-diameter ﬁbre-optic is very mobile within the
oronary artery, which itself moves over the cardiac cycle.
cquisition rate is 15.6 images/s (version M2) and longitudi-
al pullback speed is classically set at 1mm/s. Any sudden
ovement of the ﬁbre-optic with respect to the artery
auses an artefactual break in parietal continuity. On longi-
udinal reconstruction, this shows up as oscillation in rhythm
ith the heart beat.
These artefacts are not found with immobile phantoms
r explanted heart coronaries, but can easily be induced
n test-bench simulation of such movement (Fig. 2). Algo-
ithms could be developed to correct such artefacts and
educe the risk of false diagnosis of rupture. Faster pull-
ack and acquisition could also reduce this source of
rror.
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Figure 2. Optical coherence tomography images of rotation artefacts on stented (A) and healthy coronary (B). Absence of artefact on
(E). T
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s
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yimmobile acquisitions on phantom (C) or explanted heart coronary
amplitude, 1 cm) for both models (D and F).
Fibre decentration and non-parallelism
artefacts
The same kind of decentration and non-parallelism arte-
facts are found on OCT as on IVUS: the ﬁbre-optic does
not always lie in the centre of the vessel or run paral-
lel to the vessel axis, and this deforms the cross-sectional
image, which is perpendicular to the ﬁbre axis. Further-
more, the light signal is especially intense in regions close
to the light source, and attenuated in more remote regions
(Fig. 3C).
e
m
m
mest-bench reproductions of rotation artefacts (60 oscillations/min;
Non-parallelism artefacts are limited by the ﬁbre-optic
eing contained in the inﬂated coaxial balloon during acqui-
ition, and are rare when the vessel under exploration
s straight (left anterior descending), while the angu-
arities of the right coronary artery are highly subject
o this kind of artefact (Fig. 3A and 3D). Better anal-
sis of ﬁbre geometry with respect to the lumen could
nable such deformations to be corrected; such algorith-
ic correction could hardly be feasible in real time, but
ight be applied in post-processing of certain stent para-
eters.
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Figure 3. Examples of artefacts on optical coherence tomography cross-sections. A. Decentrated ﬁbre at a large angle. Only the semi-
circumference nearer the ﬁbre is analysable. B. Same artery as (A), 4.47mm diameter with centred ﬁbre. C. Signal intense near decentrated
ﬁbre and defective illumination of remote structures. D. Petal-shaped deformation on decentrated ﬁbre. E. Flush defect. F. Same coronary
a
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Fs (E) with effective ﬂush.
arge-calibre arteriesCT analysis is limited to a radius of 3.5—4.0mm, which may
ot be enough if the probe is decentred or the vessel (e.g.,
eft anterior descending) is too wide (Fig. 3A).
O
w
blush quality artefactsCT image quality depends on the quality of the ﬂush, which
ill not be perfect when the upstream diameter makes the
alloon less than fully occlusive or in case of collaterality
fact
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(Fig. 3E). A few attempts at acquisition without proximal
occlusion, on the other hand, proved disappointing, with
insufﬁcient ﬂush and images that were often less usable.
An animal study conﬁrmed that image quality depended
on arterial calibre and that ﬂush quality was much improved
by occlusion [10]. Automatic injection should improve ﬂush,
but the future lies rather in shorter ﬂush times and faster
pullback, as with the new generation of ﬁbre-optics [11].
Balloon masking
The occlusion balloon positioned upstream of the ROI may
prevent analysis of the most proximal segments (Fig. 4).
Interpretation pitfalls
OCT image interpretation needs to take account of the
above artefacts; the pitfalls of interpretation, as such, con-
cern tissue characterization and stent analysis.
Depth analysis
Failure of light to penetrate sets a limit to the analysis of
deep tissue. Beyond 1.5—2mm thickness on average, the sig-
nal is too attenuated for reliable analysis. Dense and thick
(ﬁbrosis, calciﬁcations) and especially opaque (metal) struc-
tures exert an attenuation effect, which hinders analysis
of deep wall structures. Poor signal penetration also pre-
vents assessment of total vessel area and remodelling index
in pathological vessels (Fig. 5). Moreover, the optical prop-
erties of ﬁbrino-cruoric thrombus severely limit penetration
by light near the infrared end of the spectrum. In our experi-
ence, a large persisting thrombotic load tended to limit OCT
analysis of culprit lesions on examinations performed during
the ﬁrst 72 hours following acute coronary syndrome.
S
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Figure 4. Example of stent analysis hindered by occlusion balloon. Pe
images due to radio-opaque balloon markers stopping signal (C) or upstranalysis 223
issue characterization
omparisons with histology have demonstrated the useful-
ess of OCT in characterising plaque tissue [12,13]. Even so,
iscriminating the various components (ﬁbrosis, lipid core,
alciﬁcation) is not always straightforward in practice, and
ignal attenuation further hinders deep plaque analysis.
tent-strut coverage
here have been many reports of OCT study of stent-strut
overage [14—17]. Nascent re-endothelialization by a thin
onocellular layer with a thickness less than the OCT res-
lution value may go undetected (Fig. 6A). Moreover, it is
ot always possible to specify the type of cover (ﬁbrin,
eointimal proliferation or thrombus), although this may
ometimes be indicated by the morphological aspect of the
ignal around the strut (Fig. 6B).
hadow cones
s with IVUS, shadow cones are found on OCT in case of
tructures that strongly attenuate or stop propagation (stent
truts, thrombi), although the degree of resolution limits
heir lateral extension. It is noteworthy that the guide itself
oes not induce shadow in OCT, as it does in IVUS, since the
atheter is coaxial.tent-strut apposition
he resolution of OCT is a real advantage in checking stent
pposition. Stent struts are superﬁcial and hyper-reﬂective,
aking them easily visualized on OCT by hyper-reﬂection
rfect image in (A), unaffected by balloon tip (B). Uninterpretable
eam of balloon (D).
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Figure 5. Intravascular ultrasound (top) and optical coherence tomography (OCT) (bottom) cross-sections at same level in pathological
right coronary artery (mixed ﬁbrocalciﬁed plaque). Example of advantages and limitations of OCT, with penetration defect preventing full
analysis of wall thickness, but higher superﬁcial resolution, enabling measurement of ﬁbrous cap thickness.
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sigure 6. Ambiguities in analysis of strut coverage in two drug-el
overed (white arrows), but endothelial coverage may in some ca
yellow arrows) (A). Coverage aspect suggests thrombus (red arrow
t the interface between the translucid lumen and the
etal structure. A clear space between the hyper-reﬂection
nd the vessel wall corresponds to strut thickness, which
anges from 60 to 150m depending on the type of stent.
his clear space, extended by a shadow, could be mis-
aken for malapposition, so that the latter can only be
ositively afﬁrmed if the distance between hyper-reﬂection
w
l
f
t
fstents checked at 6months post-implantation. Some struts appear
e too thin for optical coherence tomography’s resolution (10m)
.
nd vessel wall is greater than the known thickness of the
trut. This can be demonstrated on a phantom (Fig. 7),
here a 2.75mm strut is impacted at 20 atm inside a
atex cylinder of 2.5mm internal diameter: despite per-
ect strut apposition, there is a clear space between
he wall of the hollow cylinder and the strut inter-
ace.
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2Figure 7. Illustration of false image of malapposition. A clear spa
luminous signal from the ﬁrst interface between strut and transpar
Quantitative analysis
As in IVUS, measurements should, for reasons of reliability
and reproductibility, be made from leading edge to leading
edge. OCTs’ high resolution limit quantitative error margins,
but some potential bias remains. In our own team, analy-
sis of greater than 10,000 struts by two operators, however,
proved entirely reproducible, with a near-perfect kappa
value of 0.99. Finally, the M2 version of LightLab Imaging®’s
OCT console requires calibration on a known ﬁbre diame-
ter of 0.4mm before any acquisition. An error in calibration
(performed at maximum zoom) will affect the reliability of
subsequent measurements.
Limitations of optical coherence
tomography examination
OCT is invasive, requiring an arterial approach and intra-
coronary insertion of material. This raises risks of thrombosis
and dissection, on top of those entailed by transitory dis-
tal occlusion and ﬂush, which generally cause chest pain
and considerable transitory ECG disturbance; they may also
disturb ventricular rhythm.
Yamaguchi et al. [18] reported the results of a multicen-
tre study in which 76 patients underwent complication-free
exploration. The present series included a single case of ven-
tricular ﬁbrillation, reduced by external electroshock, out of
301 acquisitions. This same complication was the one mainly
encountered (1.1% of 468 patients) in the multicentre reg-
istry published by Barlis et al. [19]. We found no cases of
dissection or iatrogenic thrombosis.
t
I
a
c
rrresponds to strut thickness (yellow rectangles), between wall and
edium.
linical perspectives
he forthcoming new generation of OCT based on opti-
al frequency-domain imaging (OFDI) coupled with new
ypes of ﬁbre will remove certain limitations and artefacts
20]. Despite the non-coaxial guide (a source of artefact),
he expected image precision with a claimed axial res-
lution of 12m and a speed of 100 images per second
hould be a great improvement. The main advance is the
bre-optic pullback speed on the C7-XRTM OCT Imaging Sys-
em (LightLab), which can reach 20mm/s. Per-coronary
ngiographic injection of contrast medium will enable simul-
aneous OCT examination of a 60—80mm segment (the
rtery remaining translucid for the necessary 3—4 s). Prox-
mal occlusion will no longer be a requirement, enabling
xploration of the large epicardial branches, notably the left
ain.
onclusions
CT is an endocoronary imaging technique providing hith-
rto unobtainable in vivo information. It is complementary
o IVUS, thanks to its high resolution, in the exploration of
he more superﬁcial layers.
OCT opens up interesting perspectives for the study
f vulnerable plaque and for stent assessment. After a
0-examination learning curve on selected lesions, effec-
iveness is excellent, with 95% of sequences being usable.
t is, however, important to be aware of the limitations, so
s to deﬁne the optimal ﬁelds of application, and to take a
ritical approach to quantitative and qualitative analysis of
esults, and ﬁnally to develop solutions ensuring progress.
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he availability of new OCT ﬁbre-optics, further enhancing
esolution, will open up new perspectives.
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